Abstract. AIMS project attempts to link the logistic requirements of an intelligent warehouse and state of the art core technologies of automation, by providing an awareness of the environment to the autonomous systems and vice versa. In this work we investigate a solution for modeling the infrastructure of a structured environment such as warehouses, by the means of a vision sensor. The model is based on the expected pattern of the infrastructure, generated from and matched to the map. Generation of the model is based on a set of tools such as closed-form Hough transform, DBSCAN clustering algorithm, Fourier transform and optimization techniques. The performance evaluation of the proposed method is accompanied with a real world experiment.
Introduction
Following the advances of the state of the art in autonomous vehicles, and growing research on the design and development of innovative solutions, intelligent warehouses emerge leveraging insights from several specialist domains. The Automatic Inventory and Mapping of Stock (AIMS) project targets the traditional warehouses where not necessarily infrastructures are designed or installed for automation. AIMS project intends to develop a process, through which an awareness of the surrounding environment is embedded in a "live" semantic map, for effective management of logistics and inventory (see fig. 1 ). Achieving this objective requires different sensors contributing to this semantic map in multiple layers. Forklift trucks enriched with such an awareness enable safe and efficient operations while sharing the workspace with humans. In such a shared workspace, compatibility between vehicles' knowledge, humans' cognition and Warehouse Management Systems (WMS) is important. This paper focuses on mapping and modeling the infrastructure of the warehouse, as a foundation for addressing the location of both vehicles and storage of the warehouse. We present a method to extract structural pattern of the map that serves as the foundation of a multilayer geometric-semantic map to be used for logistic planning, Auto Guided Vehicle (AGV) path planning and WMS interaction. Semantic labels are subject to the context, in order to be functional This work as a part of AIMS project, is supported by the Swedish Knowledge Foundation and industry partners Kollmorgen, Optronic, and Toyota Material Handling Europe. they shall be defined based on the environment and application. Accordingly we integrate multiple layers in this map, from geometric layout design of the environment to semantic annotation of the regions and infrastructures as a model. For this purpose a map of pillars of the pallet rack cells (see fig. 1 ) is generated, from a fish-eye camera based on a bearing-only mapping method. This map is used for inference and generation of a layout map of the warehouse, which integrates the desired conceptual meaning. Contribution of this work is a semantic-geometric model, based on an object map entailing infrastructure elements as landmarks. This is followed by an easement in inferences through a method for extracting and matching the model from and to the aforementioned map. Reliability and performance of the proposed model and accompanying method is demonstrated on a map acquired from a real world warehouse.
Related Works
In a time where robots are embedded in our daily life, robot's awareness of their surrounding is a crucial competence and semantic mapping is a particularly important aspect of it. That is because, while a geometrically consistent map is sufficient for navigation, it is not enough for task planning and reasoning. Many researchers have been contributing to this particular aspect, from different points of view. Some tried to model the environment through the topology of open space in geometric map, like [6] , where they employed a series of kernels for semantic labeling of regions. Some others like [5] , [14] and [9] proposed spatial maps, enhanced conceptually by object recognition in regions of the map.
[5] proposed a composition of two hierarchical maps, semantic and geometric anchored together. In [14] a framework of a multilayer conceptual map is developed, representing the spatial and functional properties of the environment. And [9] introduced a comprehensive framework of spatial knowledge representation for large scale semantic mapping.
While mentioned researchers aimed to derive semantic concept from the functionality of the objects into the map, some others such as [8] , [12] and [7] ,
